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ANTIQyTDANT AROMA TIC 
FLUOROPF "^ 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

, This invention relates to aromatic fluorophosphorus 
compounds and their use as antioxidants in organic 
materials such as organic polymers. 

2. Description of (he Pnor Art 

Phosphites, phosphomtes and other organic phospho- 
rus compounds are used in organic polymers and other 
organic materials as antioxidants. They are generally 
considered better than phenolic antioxidants at high 
temperatures because they eliminate hydroperoxides 
which decompose and lead to autooxidauon chain reac- 
tions. Thus, phosphorus compounds are important for 
oxidative stability during various operations including 
potyolcfin extrusion. 

Phenolic and phosphorus antioxidants are often used 
together in poly olefin homopolymers and copolymers 
to provide antioxidant protection for both low and high 
temperature exposure. Unfortunately, additional ex* 
pense is encountered as additives in larger amounts are 
needed for the polymers. Thus, there exists a need for 
effective antioxidants at a reasonable additive price, not 
only for potyolefms. but other substrates as well. 

It is common practice to include an antioxidant in 
organic T"*" aU normally susceptible to oxidative deg* 
radaoon. Many of the antioxidants employed have lim* 
ited effectiveness or tend to impart undesirable proper- 
ties to the organic material such as causing color. The 
problem is particularly acute with polymers and co- 
polymers of ethylerucally unsaturated monomers, espe- 
cially polyolefins such as polypropylene. These materi- 
als are subjected to elevated temperatures during pro- 
cessing, which tends to destroy many antioxidanu with 
the result that the polymer rapidly degenerates during 
use. The aromaoc fluorophosphorus compounds of the 
present invention allow organic materials to maintain 
excellent color and thermal stability. 

SUMMARY OF THE INVENTION 

; to the present invention, certain aromatic 
, com pounds are provided which are 
\ as stabilisers in a wide range of organic 
The aromatic fluorophosphorus compounds 
t they retard changes in vtscos* 
, tubi lured therewith for eaten* 
of time under processing conditions. In 
i when stored at room tempera* 
, They are especially effective when used in combt- 
■ wicli phenolic antioxidants. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 




A utsfertsd embodiment of the present invention is 
a* o sgmnic material normally susceptible to gradual 
exudative degradation when in contact with oxygen said 
natenal containing an antioxidant amount of an 
i fluorophosphorus compound being character- 
by having at least one benzene group bonded 
through oxygen to s tnvalent phosphorus atom and at 
[leas] least one fluorine atom bonded to the same phosphorus 



Any organo phosphorus compound meeting the 
above definition is readily recognise by its structural 
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formula. One highly preferred class of mch compound* 
can be represented by the formul*: 

<AO-».*-m,_. Fornix I 

wherein R is aGubsmuteD substituted or unsubstituted aryl group 



wherein the substituents are selected from alkyl. aryi. 
aralkyt. cycioalkyl. hydroxy, aikoxy. arytoxy. halo, 
aikoxycarbonyl. alkoxycaroonylalkyt an acyloxy and n 
is 1 or 2. In a still more preferred embodiment of this 
class of compounds the subsmuenis are alky Is having 
D -carbon] 1-20 carbon atoms, aryls having 6- 1 2 carbon atoms, arylaj- 

kyls having 7-12 carbon atoms, cycloaikyls having 3-3 
carbon atoms, hydroxy, aikoxy having 1-12 carbon 
atoms, aryloxy having 6-12 carbon atoms, halo, alkoxy- 
caxbonytalkyl having 1-20 carbon atoms m its aikoxy 
moiety and 1-3 carbon atoms in its alkyl moiety, aikoxy 
carbonyl having 1-20 carbon atoms in its aikoxy moiety 
and acyloxy having 1-4 carbon atoms. 

Representative examples of the above substitutents 
are methyl, tsopropyl. sec-butyl, ten-butyl, n-decyl. 
sec-dodecyl. sec-etcosyl. phenyl, o-colyl. p-tolyt. naph- 
thyt 4-phenylphenyl. 4-sec-hexylphenyi. benzyl, alpha- 
methylbenxyl. phenethyl. •Mert-butylbenzyl, 4>tert* 
butyl-alpha-methytbenzyl. cyclopcntyl. cydohexyl. 
cyclooctyl. methoxy. ethoxy. isopropoxy. 2-ethythex* 
osy. 2-ethoxyethoxy, isobutoxy. dodecoxy, phenoxy, 
4-ethylphenoxy. napthoxy. 4-phenytphenoxy. chioro. 
bromc fluoro. iodo. methoxycarbonytmethyl. butox- 
ycarbonylethyl. dodecyloxycarbonylpropyl. oc- 
tadecyloxycarbonylethyi. icosyioxycarbonylethyl. me- 
thoxycarbonyt butoxycarbonyl. decytoxycarbonyl, 
octadecyloxycarbonyt. icosyloxycarbonyl. formate, 
acetyloxy. propionyioxy. butyryloxy and the like. 

Representauve examples of the group <RO) include 
phenoxy, 2-methyl*e~tert*butytphenoxy. 2.4-di-tert- 
butylphenoxy, 2.6-diisopropyiphenoxy. 2.4-diisopropU- 
phenoxy, 2.6-di-sccbutylphenoxy, 4-phenylphenoxy. 
2-(alpha-methy Ibenzy Dphenoxy 2.6-dif alpha-methy I- 
benxyl)phcnoxy, 2-cyctohexytphenoxy, 2-methyl-4- 
cyclohexylphenoxy. 4-hydroxyphenoxy, 4-methoxy* 
phenoxy, 2-ethoxyphenoxy, 4-dodecyloxyphenoxy.4- 
phenoxyphenoxy. 4-octadecyloxycarbonyiethyl-2.6-di- 
tcrt-burytphenoxy, -dodecyloxycarbonylpropyl. 4- 
aceryloxyphenoxy and the like. 

Some re p resen ta ti ve compounds of Formula I are: 
bistt. 6-di-tcrt-burylphenyl) fluorophosphite; 2.6-di- 
tcrt-burylphenyl difluorophosphitc; bts<2.4-di.ten- 
botytphenyl) fluorophosphite; 2.4-di-ten-butylphcnyl 
difluorophosphite; bis<4^2-octadecyloxycarbonyie- 
thyl>2*6-di*tert-butylphenyl) fluorophosphite; 

(aka bia{2.6^*ten-butyl-^2-carbooctadccyloxye* 
thyDphenyllfluorophosphiteh 4-<2-octadecyloxycar- 
bonylethyl>-2.6-di-tenbutylphenyt difluorophosphite: 
be^4^2«doo>cytoxycarbcmyiethyl)-2.6-di-4ec-buiylphe- 
nyl) fluorophosphite and the like. 

The moss preferred compounds in Formula I are: 
bts<2.6-di*tert-butylphenyl) fluorophosphite: bts<2.<4-di- 
tert-butylphenyl) fluorophosphite and btsJM^ 
octadecyloxycaroonylethyl>-2.6^di-tert-butylphenyO 
fluorophosphite. 

A second highly preferred class of compounds of the 
mvenaoo are the cyclic fluorophosphites having the 
structure 
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l-Kf&yZ Formula II 

X*— O 

wherein R' and Ri are substituted or unsubstituted aryl 
groups wherein the substituents are selected from aikyl. 
aryl. aralkyl, cycloalkyl. hydroxy, alkoxy. aryloxy and 

^Tfi* ^? ? tt " iected from lh * 8«uP consisting of a 

single bond connecting R> and Ri and divalent bridging 

groups ~iected from divalent aliphatic hydrocarbon. 

containing 1-12 carbon atoms, -O- and -S, wherein 

q u an integer from I to 3. 

In a soil more preferred embodiment of the cyclic 

nuorophosphite of Formula II, the substttuent groups 
«* ** «*|kyU having 1-20 carbon atoms, aryl. 

Having 6-12 carbon atoms, aralkyls having 7-12 carbon 
atoms. cycloalkyU having 3-8 carbon atoms, hydroxy, 
alkoxy having 1-12 carbon atoms, aryloxy having 6-12 
carbon atoms and halo, and X is selected from the group 
consisting of a single bond connecting R' and R* and 
divalent bridging groups selected from divalent ali- 
phatic hydrocarbons containing 1-12 carbon atoms. 
-O— and wherein q is an integer from I to 3. 
Examples of the resulting — R 1 — X — R* — group, are 
2^ -bts<4.c-di.ten.butylphenyl); 2.2*-bis<4-<hloro-6-iso. 
propylphenyl): 2^'-bis<4.m«thoxy^tert-pentylphenylh 
2.2'-oietfaylenebts<4,6^. t eTi^tylph*nyl>; 
ethylidetie^4,6^-t4«^tylphenyl): 4.6.Hli.tenbutyU 
4.-ma^yi>6-cwpro p yl-2^'.u»pTopyUd 
2^'t hi o6 a< 4Mi i eihyl-4-tert^utylpheny|>; ZU'.trithi. 
ot^4.6nli-<«n-butylphenylh 2.2'-thx>c^4-mcthoxy-6. 
tert-butylphenyl); 2^ '^tiiiobis<4wiiethyl^aipha- 

A third highly prefer re d embodiment is represented 
by the structure: 



Fonsntto III 



i R is a substituted or unsubstituted aryl group 
WM ~^ «■* « *hw i ro en o are selected from alkyL aryL 
ar aikyt cycloalkyi. hydroxy, alkoxy. aryloxy. halo, 
alkoxycarbonyt slkoxycarbonylalkyl and acyloxy and 
R*is iilinad from the group conststmg of aikyl. cyclo- 
aftyt araikyi, aryl. substituted aryl. alkoxy. cydoelk- 

AN. ■MftfMtt * AmIIpmu — J' i I 




R of ni bs nimuu are aikyb having 
. cyclomlkyb have 5-4 carbon atomsT 
-12 carbon atoms, aralkyls having 7-12 
hydroxy, alkoxy having 1-12 carbon 
> aryloxy having 6-12 carbon atoms, halo, alkoxy* 
*~'*?yl having 1-20 carbon atoms on its alkoxy 
- 1-3 carbon atoms on its aikyl mostly, alk- 

oxycarbonyl having 1—20 carbon itiwnt in ha alkoxy 
(7 > nwssxyandcytoxyshavmg l^carbc* atomsfr 3 vl R 3 is 

171 ' 7> pfatanbiy seiscted from alkyU having 1-20 caroo¥= 

atoms, cycloalkyU having 5-1 carbon atoms and arylal- 
kyls having 7-12 carbon atoms which am bonded 
through oxygen to phosphorus and aryls having 6-12 
carbon atoms, alkyU having 1-20 carbon atoms, cycio- 



alkyls having 5-6 carbon atoms and aryialkyts having 
7-12 carbon atoms which art bonded directly to phos- 
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Representative examples of R — O — in formula III 
axe the same set forth for this same group under struc- 
ture I. 

Representative examples of R 3 in formula III are 
methoxy, sec-butoxy. decoxy, 2-ethyldecoxy. oc- 
tadecoxy, eicosoxy. cyclopemoxy, cyclohexoxy, cy- 
clooctoxy, phenoxy, 2.6-di-tertbutylphenoxy, 2,4-di- 
tert-butylphenoxy, 2-tert-butyl-4methylphenoxy. 4- 
methoxyphenoxy, benzyloxy, 4-ethylbenzyloxy. 
phenyl, p-tolyl. 4-phenylphenyl. methy, ethyl, butyl, 
dodecyl, octadecyl. eicosyl. cyctohexyl. cyclooctyl, 
benzyl, 4-ethyl-aJpha-methylbenzyl and the like. 

Typical compounds of structure III are methyl 
phenyl fluorophosphite. dodecyl 2.6-di-cert-butylphe- 
nyl fluorophosphite. eicosyl 2.4-di-ten-butylphenyl 
fluorophosphite, cyclohexyl 2.6-di*tert-butyl-4-ethox- 
yphenyl fluorophosphite, diphenyl fluorophosphite, 
bis<2,6-di-tert-butylphenyl) fluorophosphite. bis(2.4-di- 
ten-butylphenyl) fluorophosphite, bis(2,4~di-ten-pen« 
tylphenyl) fluorophosphite. benzyl 2(alpha-methylben- 
zyl>-4-chlorophenyl fluorophosphite. phenyl 2-methyl- 
6-tert-butyl-4-phenoxyphenyl fluorophosphite, 2.4-di- 
tert-butylphenyl methylfluorophosphomte. 2.6-di-tert- 
butyl-4-methylphenyl benzylfluorophosphomte. 2.6-di- 
ten-butyt-4-methoxyphenyt eicosylfluorophosphomte 
and the like. 

A fourth class of fluorophosphorus compounds of the 
invention are represented by the structure: 



wherein A is a mono- or poly-nuclear aromatic group. 
R 4 is independently selected from fluorine, aryloxy. 
alkaryloxy. alkoxy and polyalkoxy and r is an integer 
from 1 to 4, s is an integer from 0 to 3 and (r-t-s) equals 
the valence of A. 

Representative examples of R 4 in formula IV are 
fluorine, phenoxy. 4-ethylphenoxy. 2-ethyl-t-isobutyl- 
phenoxy, napthoxy. 2-tervbutylphenoxy. 2.6-di-tert- 
butylphenoxy, 2-methyl-e-tervbutylphenoxy. 2.4-di- 
tert-butylphenoxy, 2.6-di-sec-butylphenoxy, 2.6-di-tert- 
butyl-4-methylphenoxy. 4-dodecyiphenoxy, 4-<alpha- 
methylbenzyDphenoxy, methoxy. ethoxy. butoxy, 
decyloxy, dodecyloxy. eicosyloxy. 2-ethoxyethoxy, 
2butoxyethoxy and the like. 

M A** in Formula IV can be any of a broad range of 
organo groups as long as it contains at least one benzene 
ring in its structure. "A" can contain 4 or more benzene 
nags. M A" is generally but not necessarily a hydrocar- 
bon. "A" may also contain oxygen and/or nitrogen. 

The group "A" of the more important types of struc- 
ture for compounds IV fall in the following sub-classes. 

Sub-class IV (i) A groups have the structure: 



(HO— h— A(— O— P 




FormuU IV 




wherein R 9 and R 4 are hydrogen or alky Is having 1-12 
carbon atoms. Representative examples of these diva- 




lent phenylene groups are 1.4-phenylene. 1.2 -pheny- 
lene, 2.6-di*tert-butyl- 1.4-phenylene. 2. 5 -di- ten -butyl - 
1.4-phenylene. 2-methyl-5-dodecyl-l, 4-phenylene and 
the like. 

Representative examples of fluorophosphonis com- 
pounds containing the "A** group IV (i) are 2,5-di-iert- 
butyM. 4-phenylene bisldifluorophosphue); 2.5-ten- 
butyl- 1.4-phenylene bis(phenyl fluorophosphite); 3.5-di- 
tert-butyt-4-hydroxyphenyl difluorophosphite; 2.5-di- 
tert-butyl-4-hydroxyphenyl octadecyl fluorophosphite; 
2,4-di-tert-butylphenyl 2-<alpha-methylbenzyl)-4- 
hydroxyphenyl fluorophosphite; 2,6-di-ten-buty [phe- 
nyl 2-methyl-4-hydroxy-5-ten-butylphenyl fluoro- 
phosphite; 2-dodecyl-4-hydroxy.5-methylphenyl dode- 
cyl fluorophosphite; 2,5-di-tert-butyi- 1.4-phenylene 
bis(2.6-di-tert-butylphenyl fluorophosphite) and the 
like. 

Sub-cUtt IV (ii) A groups have the structure: 





wherein R* and R 6 are as before. R 9 is an aliphatic hy- 
drocarbon radical having 1 to 6 carbon atoms and hav- 
ing valence y and y is an integer from 2 to 3. 

.Representative compounds of sub-class IV (ii) are:' 
"* represent* a len-Outyl group 




CHj CHj 





Sub-class IV (tii) a groups have the structure: 



*♦ *• 

wherein R 3 and R 4 are as before and a is aa integer from 
1 to 3. Representative examples of structure IV (us) A 
groups are: 4»4'-0uoots(2>inethyl*6»ten-buryiphenylX 
4.4^chsobts(2,6Ndi-ten^rylphenyl). 4.4 '.dithioc*s<2.6. 
di-tefT-burylphenyl). £ 2 4 2 » 2 ' .siuhic*ts(4-methyl-6.ten- 
butylpheayl), U'thtobts(4-tert-butylphenyl) and the 
like. 

Representative examples of organo fluorophosphorus 
compounds of formula IV containing subclass IV (tii) 
A groups are: 4,4'tluobt$*2-methyl-6*ten-butylphenyl 
diflurophospluteK 4,4'<*hic*is(2-cthyi-6-tert-burylphe- 
nyl butyl fluorophosphiteK 4.4'*thiobts(2,6--di-ten-butyl- 
phcnyl difluoropbosphiteX. 4,4'-dithiobtt^2.6-d»-tert* 
penrylphcnyl phenyl fluorophosphite) and the like. 

Sub-class IV (iv) A groups have the structure: 




wherein R* and R* are as before. Examples of these 
bi phenyl groups are 




•continued 




CHi CH| 



t-CjHn i-CsHn 

Representative examples of formula IV organo fluoro- 
phosphorus compounds of sub-class IV (iv) are: 




SubNcUn IV (v) A groups have the structure: 




wherein R* and R<> are as before. R 7 is hydrogen or an 
alkyl having 1-6 carbon atoms, t is an integer from 2 to 
3. u is an integer from 0 to 4 and (t — u> equals 2 to 6. 

Representative examples of organo fluorophosphorus 
compounds of Formula IV having a sub-class IV (v) A 
group axe: tris(difluorophosphite ester) of 1.3.5-tnmeth- 
yl-2,4,6-tris (3.5-di-ten.butyl-Whydroxybenzynben- 
zene; tris(phenyl fluorophosphite ester) of 1.3.5-tnmeih- 
yl-2,4,6-tris(3,5 di-ien-butyl-4-hydroxybenzyl]benzene: 
tns(n-dodecyl fluorophosphite ester) of 1.3.5-trimethyl- 
2.4,6-tns (3,5-di-tert-butyl-4-hydroxybenzyl)benzene; 
bis (2-tert-butylphenyl fluorophosphite ester) of 2.3,5.6- 
tetramethyl- 1 .4-bis-[3.5-di-tert-buty l-4-hydroxybenzy I]- 
benzene; bis(n-octyt fluorophosphite ester) of 2,3,5.6- 
tetraethyl l.4-bis(3.5-diten-butyl-4-hydroxybeiizyl)ben- 
zene; tris(2,6-di-ten-butyl-4-methylphenyl fluoro- 
phosphite ester) of 1.3,5*tris(3-methyl-5-tert.butyM- 
hydroxybenzyl)benzene; bis(2.6-di-tenbutvlphenyl 
fluorophosphite ester) of l,4-bis(3.5-di-tert-butyl-4hy- 
droxybenzyljbenzene; tns(2.6-di-tert-butyl-4-etnylphe- 
nyl fluorophosphite ester) of 2,4.6.tnethyM.3.5-tris(2- 
methyl-6-tert-butyl-Uhydroxybenzyl)benzene and the 
like. 

Sub-class IV (vi) A groups have the structure: 



wherein R 3 and R* are as before. R> is an aliphatic hy- 
drocarbon radical having 1-30 carbon atoms and hav- 
ing valence w. w is an integer from 1 to 4 and v is an 
integer from 0 to 4. 

Representative examples of organo fluorophosphorus 
compounds of Formula IV having sub-class IV (vi) A 
groups are: 2*methyl-6»tert-butyl-4<methoxycarbonyl- 
methyfyphenyl difluorophosphite; 2,6-di-ten-butyl- 
4<dodecyloxycarbonyl)phenyl 2,64i-tert-butyM- 
methylpbenyl fluorophosphite: 2,6-t-tert*butyl-4-<oc* 
tadecyioxycarbonylethyl)phenyl difluorophosphite; 
2.6*di-tcrt-buryl i ( orT a d fryloxycarbonylethyDphenyl 
2,4-d»-tert*butylphenyl fluorophosphite; 2,6-di-tert* 
butyl 4 (octadecyloaycarbonylethyiyphenyl n-decyl 
fluorophosphite; 2,6nli-tert-butyl-4-<octadecyloxycar- 
boayletnyl)phenyl 2,6-di-tert-butylphenyl fluoro- 
pboaphite; 2,6-di-ten-pentyl-Moctadecyloxycar- 
bonylathyl) phenyl 2-ten*pentylphenyl fluorophosph- 
ite; 2-mcthyl-6-ien- butyl-Mdocosyloxycarbonylme- 
thyl)phenyl 2.6-di-tert-pemylphenyl fluorophosphite; 
tetrakis(difluorophosphite ester) of tetrakis( methylene 
3-<3,5-di«ten-butyl-4-hydroxyphenyl) propionate )me- 
thane; tetnkis(2.4-ii-tert-butylphenyl fluorophosphite 
ester) of tetrakis< methylene 3-<3.5-di-tert- butyl-4- 
hydroxypheny I propionate )methane; tetrakia<2.4-di.ter- 
thcxylphenyl fluorophosphite ester )of tetrakisi methy- 
lene 2-(3-im-pentyl-4-hydroxyphenyl)acetate)methane 
tris (difluorophosphite ester) of trunethylolpropaneths- 
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[M3,5^i-ten-butyl^hydroxy-phenyl)propomateJ. 
tra(3-methyl5-ten-butyiphenyl nuorophosphite ester) 
of tnmethyloJ ethanetns[3-rnethyl.5-ten-butyl-4- 
hydroxybenzoate] and the like. 

Sub-class IV (vu) a groups have the structure: 



R5 




R* 




wherein RS and R« are the same as before. 

Typical organo fluorophosphorus compounds offer- 
inula IV having a sub-class IV (vii) a group are- 

tris(difluorophosphite ester) of 1.3.J-tris (3.5-di.tert- 
butyM-hydroxybenzyOisocyanurate; tris(2.4-di-ten. 
butylphenyl fluorophosphite ester) of aS-di-ten-butyl- 
4.hydroxybenzyl)i*ocyanurate; trua^i-tert-butyl. 
phenyl nuorophosphite ester) of (3.5-di-tert- 
buryl-MiydroaybenzyDuocyanurate; WmeSl 

Bh^r,^ " "j**/™"™* tris(nmodecyl fluoro- 
Phosptat^eiter) of tn^hydroxybe^yOuocyanurate 

Subclass IV (viii) a group have the structure: 



** R* 



wherein R> and R* are as before. 

uI?T?*\*? T J iMn0 ""oropnosphorus compounds of 
Formula IV having . subclass IV (viii) a groups « 
Difluorophojphite diester of alpha^lpha-ihiobu «L 

pbotphne djeawr of 4-hydroaybenzyl 3;j Vten-WtyT 
.""We: dodecyl nuoropho^hi^S. 
T« *t* 3 '?"*- ««- b '«yl-*-hydroxyben2VlHuindT 
ff'? r0 ^*'? di « u * of bM3.meth y |.5.,en.buty?- 
^hvdroxybeiu y »)»ulHde; i«i-ten4,utylpheny| 
fluoroptophite diester of bMS.S-didodecyMhVdreS 
ybe^yl^fide: phenyl Ouorophosph.te diester of wl 

4^"^!^^ ydroxybenxvlHuJnde «nd the like 
The preferred aromatic fluorophosphites of the pres. 
«u mvenoon are b*2.«.-,-b u « ylp he„ yl) Ouort 
phosphite. «-ethyhdenebis(4,6^i.t-butylphenyi) 
toZSESZ " - "^^en-butjp^!! 

The mastic fluorophosph.tes of the invention are 
P«tjcutorly useful as anuoiudanu. The antioxidant, £ 
be used in a broad range of organic material normally 
subject to gradual degradation in the presence ofX* 
gen during use over an extended period. In other word! 



the organic materials protected by the present antioxi- 
dants are of the type in which the an recognizes the 
need for antioxidant protection and to which an antioxi- 
dant of some type is customarily added to obtain an 
extended service life The oxidative degradation pro- 
tected against is the deterioration of the organic compo- 
sition during or after processing rather than, for exam- 
ple, combustion. 

Examples of organic materials in which the antioxi- 
dants of this invention are useful include polymers, both 
homopolymers and copolymers, of olefinically unsatu- 
rated monomers, for example, polyoleftns such as poly- 
ethylene, polypropylene, polybutylene and the like. 

AJso. polyaaiohydrocarbons such as polyvinyl chlo- 
ride, polychloroprene, polyvinylidene chloride, poly- 
nuoroolefins. and the like, are afforded stabilization. 
The antioxidants provide antioxidant protection in natu- 
ral and synthetic rubbers such as copolymers of olefini- 
cally unsaturated monomers including styrene butadi- 
ene rubber (SBR rubber), ethylene-propylene copoly- 
mers, ethylene- propylene-diene terpolymers such as the 
terpolymer of ethylene, propylene and cyclopentadiene 
or 1,4-cyclooctadiene. Polybutadiene rubbers such as 
cis-polybutadiene rubber are protected. Poly-2-chloro- 
1,3-butadiene (neoprene) and poly-2-methy 1- 1 .3-butadi- 
ene (isoprene rubber) axe stabilized by the present addi- 
tives. Likewise, acrylonunle-buiadiene-styrene (ABS) 
resins are effectively stabilized. Ethylene-vinyl acetate 
copolymers (EVA) are protected, as are butene- 
methylacrylate copolymers. Nitrogen-containing poly- 
mers such as polyurethanes. nitrile rubber, and lauryl 
aery late-vinyl pyrrolidone copolymers are effectively 
stabilized. Adhesive compositions such as solutions of 
polychloroprene (neoprene) in toluene are protected. 
Polyphenylene ethers such as poly-2.6-dimethyl-l.4- 
phenylene ethers either alone or in combination with 
blending agents such synthetic rubbers are protected by 
the present invention. Likewise polystyrene and rubber 
modified polystyrene (i.e. high impact polystyrene) are 
stabilized. 

Petroleum oils such as solvent-refined, midcontinent 
lubricating oil and Gulf Coast lubricating oils are effec- 
tively stabilized. In hydrocarbon lubricating oils, both 
mineral and synthetic, the present antioxidants are ef- 
fective when used in combination with a zinc dihydro- 
carbyl dithiophosphate e.g. zinc dialkyl dithiophos- 
phate or zinc dialkaryl dithiophosphate. 

Synthetic ester lubricants such as those used in tur- 
bines and turbojet engines are given a high degree of 
ftabilizaoon. Typical synthetic ester lubricants include 
di-2-ethylhexyl tebtcatr, trimethylolpropane tripelar- 
gooate Cs-t aliphatic monocarboxylic esters of penta- 
erythritoi, complex esters formed by condensing under 
esterifying conditions, mixtures of polyols, polycarbox- 
yiic ari ^ and aliphatic monocarboxylic acids and/or 
moaohydric alkanols. An example of these complex 
esters is the condensation product formed from adipic 
acid, ethylene glycol and a mixture of Cs-9 aliphatic 
monocarboxylic acids. Plasticizers such as dioctyl 
phthalate are effectively protected. Heavy petroleum 
fractions such as tar and asphalt can also be protected 
should the need arise. ^ t w 

Polyamides such as adipic acid- 1 ,6-diaminohexane 
condensates and poly-e-aminohexanotc acid (nylon) are 
effectively stabilized. Polyalkylene oxides such as co- 
polymers of phenol with ethylene oxide or propylene 
oxide are stabilized. Polypheny I ethers such as poly-2,6- 
dimcthylphenyl ether formed by polymerization of 2,6- 
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dimethylphenyl using a copper-pyridine catalyst are 
stabilized. Polycarbonate plastics and polyformalde- 
hydes are also protected. 

Linear polyesters such as phthalic anhydnde-glycol 
condensates, polyethylene terephthalate) (PET), and 
poly[butylene terephthalate) (PBT). are given a high 
degree of protection. Other polyesters such as tnmel- 
liuc acid-glycerol condensates are also protected. Poly- 
acrylates such as polymethylacrylate and polymethvl- 
methacrylate are effectively stabilized. Polyacrylom- 
tnlet an copolymers of acrylomtnles with other oiefini- 
caily unsaturated monomers such as methylmethacry- 
Ixtes are also effectively stabilized. 

The antioxidants of the present invention are prefers, 
biy used in either thennoset or thermoplastic polymer 
compositions. The thennoset polymers are those pias- 
tics which when subjected to heat, will normally be- 
come infusible or insoluble and as such cannot be re- 
melted. They have elaborately cross-linked three di- 
mensional structures and are used for plastics, elasto* 
men, coatings and adhesives. 

In contrast to the thennoset polymers, most thermo- 
plastic polymers can be made to soften and take a new 
shape by the application of heat and pressure. Thermo- 
plastic polymers comprise long-chain molecules often 
without any branching (e.g.. high density polyethyl- 
ene). Thermoplastic polymers normally are nmd at 
operating temperatures* but can be remelted and repro- 
cessed. They include polyethylene, polycarbonate, 
polypropylene, polystyrene, polyvinyl chloride, 
scrylotutnle-butadiene^tyrene (ABS). nylon, and the 
like, including polymers intended for high temperature 
applications. The most preferred organic compounds 
intended for the practice of the present invention are 
polypropylene and polyethylene. 

The more p r e f erred utility of the new additives is in 
the stabilization of thermoplastic polymers during pro- 
cessing such as during extrusion. Of these the most 
preferred polymers are polyethylene, polypropylene, 
linear low density polyethylene and polycarbonates. 

The antioxidants of the present invention are useful to 
control oxidative and color degradation of resins used 
as tackiners in adhesives. The resin which can be pro- 
tected include synthetic hydrocarbon resins, such as 
cycioaliphtric C$ resins, aromatic C« resins, terpene 
— 1-1 a ? d , tn *_ Uk *- AA *° "eluded are natural resins, such 
" rosin, gum rosin and toll oil rosin which are 
I for tackiAer applicaoons. 




Tne satin nrl ants are incorporated into the organic 
ssnaanai in a small but effective amount so as to provide 
dm le^tsifismoidanil antioxidant protection, a useful range is 
generally from about 0.003 to aoouT5~w«ght percent of 
organic material, and a preferred range a from about 
OlOI to 2 weight percent. 

Methods of incorporating the antioxidants into the 
organic material are well known. For example, if the 
material is 

tiawd. the additive can be merely mixed into the 
material. Solid organic materials can be merely sprayed 
with a solution of the additive in a volatile solvent For 
example, stabilized grain products result from spraying 
the grain with a toluene solution of the antioxidant In 
the case of rubbery polymers, the additive the final 
emulsion or solution polymerization mixture and then 
coagulating or removing solvent to recover the stabi- 
lized polymer, h can abo be added at the compounding, 
stage by merely mixing the additive with the rubbery 
polymer in commercial mixing equipment such as" a 



B Anbury blender. In this manner, rubbery polymers 
such as styrene-butadiene rubber, cis-potybutadiene or 
isoprene polymers are blended with the antioxidant 
together with the other ingredients normally added 
such as carbon black, oil. sulfur, zinc oxide, stearic acid, 
vulcanization accelerators, and the like. Following mas- 
tication, the resultant mixture is fabricated and molded 
into a finished form and vulcanized. 

The fluorophosphites of the present invention are 
readily made by reacting the appropriate phenolic com- 
pound with phosphorusjlrichlondeoor phosphorus m- 
bromide) trichl orideor «> form an aryioxy mono- or di-haio i 
Brf phosphite. This in turn is reacted with a fluonnated 
compound such aa HF. LiF. NaF. KF. RbF. CsF. SbF>, 
SbFj. AgF. HgF;. CoFj.SF* and the like which ex- 
change F for Cijpr Brjbonded to phosphorus. 

In making compounds of Formula l-IV, a phenol is 
reacted with PChfr PBrjito form a chloro|pr bromo^ 
phosphite intermediate wfuch is then reacted with a 
fluctuating agent aa shown in the following equations. 



nROH * rCl) > <RO^>.W— Oh.* ^ > 
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(RO— ).«— F>j.„ 
II 



R*0 




no III 

IV 
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PCs is uMddbttt PBn could 
KP it used aa the fluoraating 
peat btx say of tht other ftuonnaang afgnts could be 
ssdm teptaca. 

Tka atnoont of POt^r PBr^used to form the i 
t caiorcCoc be ocno> h o s phits depends on the i 




of hydroxy! groups in the phenolic re a rtan i and the 
of residual P-Cl&r P-BrTgroups desired 
For example, if one moat of PQi is 
ost rnose of a m o o o h ydroay phenolic 
wiUbaadashiofo* 
if two moats of a m ooo h ydroay 
with one most of PGs 
wiU be a mono 
Whan osi most of an onhe-ortho 
is reacted with one most of POj, the 
witt be a cyclic 
as may be used to make a 
of Formula 1L 




L 



The starting phenolic compounds are well known 
^""f the l,,er *«u« such as in U.S. Pat. No. 
rff!^!. H S Pal No - 9 **-986; U.S. Pat. No. 

;.5; - ::; : .h. s p *'- No i-9 7 2.j99. us. Pai. no. 

Z.807.633: U.S. Pat. No. 3.449444 1 : U S 1 392.990 U S 
f^w,°; : ;?t 4 754: L ' S 2.* 7 9.94 8; US. Pat. No! 
7~i,lt h! Pat - No 3-367.9S0: US. Pat. No. 

h S Pit No 2.201.877; t-.S. Pat. No. 
\hc S Na 3 0*»-27S: U S. Pat No. 

2.84619; U.S. Pat. No. 2.315.336: U.S. Pat. No. 

nl S"' N °- 2 S36 - 609: U S P " N * 

• ^ S Pit - No. 2.008.032; U.S. Pat. No. 

2.7U.I20: U.S. Pit. No. 3.093.387; U.S. Pit. No. 

3.0601121: U.S. 2.338.333; U.S. Pic No. 2.364.338 US 

Pit. No. 3.330.839: U.S. Pat. No. 3.062.896- U S Pit 

/8 1069 (1936) and others. 

* J?* ff^ 00 " of tn « PBn with the phenol is 

Pjw^rmbly conducted in an aprotic solvent such as 
THF. beiuene. toluene, xylene, heptane, octane, cycle- 
nexanc and the like. The reaction can also be conducted 
in aa excess of PCI 3 or PBrj which functions as a solvent 
or reaction medium. The reaction temperature should 
be high enough to cause the reaction to proceed at a 
reasonable rae but not so high as to cause decomposi- 
tion. A useful temperature range is from -30* to J00* 
~ A preferred temperature range is 0-100* C and a 
mote referred temperature range is about 23-75* c and 
must preferably at reflux temperature. 

The chloro or bromophosphite intermediate is fluoh- 
aated by reaction with at least an equivalent amount of 
the nuormaung agent based^OQ the equivalent of c£nd- 
/or Br>ound to phosphorus. Aa excess can be used 
The fluonnattoa is preferably conducted in a aprotic 
solvent. The reaction can be conducted in the same 
reaction mixture resulting from the preparation of the 
intermediate. 

The fluonnation temperature should be high enoush 
to cause the fluorine to replace the chlorine or bromine 
out not so high as to cause decomposition. A useful 

^fS?^* ™ gC u mboul l(yyC0 * c - »ore preferably 
20-150* C and most preferably at reflux. 

The aromatic nuorophosphites of the present inven- 
tion may be used alone as the antioxidant or may be 
used m combination with phenolic antioxidants* thioes- 
rmsucn as dilauryl thtodipropionate and distearyl thio- 
^prookmate, light stabtlixers such as hindered amines 
or ultraviolet light absorbers, metal deactivators, pig. 
~~**~ lubricants such as calcium stearate. nude- 
'" tmtaan d talc and other Altera. 
rrprsMiiiiuve examples of useful UV stabiliz- 




UV Subitum 

NtaM rtiiMiiliiiiaiiiumwin 

Ntekri M o tt hyMJ^Mgn^yWtyefoaytttittyO 
UTS di wi *m>i-r-hy4mypl*myl.Uchk*mn*Q. 
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Phenolic anuoudaou which are suitable for use in the 
present invention are well known in the an and include 
2-^-dj-c-butyl-4-methylphenol; 2.6*dt-t-butyl-4.methoi* 
ymethylphcnol: 2.6^ioctadecyl~Mncthylphcnoi: 3.3-dt- 
t-butyi-4-hydroxyaniaoie: L5«di-t-butyl-4.hydros- 
y***ol* MhydroiymethylVi\6Ndi-t^«tylph«nol; 4.4'. 
omhy»en€bt«(2,6^.t^Hitylphenol>; 2JT- 
emyu4cncbis<4,6^^butylpbcnol); 4.4'-thiobts(2*meth' 
yl^*butylphcnol): tetrakist methylene 3-(3.3-di-<. 
butyl-4^ydraayphenyl)proptonau)methane: 1,3.3, 
tm(3J^^^tyl^hydroxybenrylHjocyan urate: OA- 
4H»ctadccy<(3.5^^tyi^hydroxybciuyl)phos- 
phonate: octadecyl 343J«&t-butyl-4-hydroxyphcnylV 
propionate: U' -oaamidoouethy I X3.5-di-t-butyl«4> 
hydrexyphenyDproptonate: calcium bts(0*thyK3.S-di* 
t-butyl^hydroxybenxyl)phosphonate) aad mixture* 
thereof. A particularly preferred phenolic andoaidaAt « 
t .3 J-truncthy l-2.4,e*<na< 3.5«di*t-outy Mhydroxyben- 
zyDbcnxenc which is available from Ethyl Corporation 
at 10 Ethaaox& 330 Anooaatfaai. 

When utilised, the phenolic anrioiirtanii art prefera- 
bly present with the aromatic fluoropboaphitcs in an 
anoint m the range of fron about 0.009 to about 3.0 
perc ent by w eight bated 00 the weight of the total 

The foUowHig enmp l cs art presented to illustrate 

not attended to be construed so as t^be^restrWdvt™ 
the spirit and scope thereof. 

EXAMPLE 1 

Pi ipsjsii u a of^2,6dM-btttytphaavjj bjs ( 2, 6-di-t-butyl phenyl ) nuorophoaphite 

Uadtr an atmosphere of nitrogen, 10.1 grams of 
bis(2.6<li-t-butylphcnyi) chloropbosphite, 2.4 grams of 
anhydrous potassium fluoride and 100 ml of anhydrous 
tctrahydrofuran were combined and heated to reflux for 
17 boon. Next an ad dition al 1.0 grams of anhydrous 
pot sniii m fluoride was added to the mixture. The mix* 
tun was heated at reflux for a total of 44 boon and 
•flowed to coot The resulting slurry was Altered and 
the filtrate was concentrated under vacuum. The crude 
product was dissolved in n-heptanc and filtered through 
bean alumna, duting with n-heptane. The early free- 
bona enmatmng the least polar product were concen- 
trated to 3.6 grams of pale oil. The oil was purified by 
chromatography on basic alumina, eluting with n*hcp- 
tane, to yield 1.1 grams of clear oil which solidified to a 
white solid upon standing. 

Spectral analysis (H-NMH P-NMR. F-NM. mass 
s pe ctr ometry (MS)) confirmed the identity of the which 
solid as bts(2.6-di~t-butylpbcnyl) nuorophoaphite. 

EXAMPLE 2 

Preparation of . bnX2.6^-butyl-4^.carbooc. 
tadecyloxyethyl)phenyl) fluorophosphite 



Under a nitrogen atmosphere. 20 grams of bis<2.6-di- 
t*butyM-<2<arbooctadecytoxyethyl)phenyl chloro- 
phosphite (75 weight percent punty). 3.0 grams of po- 
tassium fluoride, and 100 ml of anhydrous cetrahydrofu- 
ran were combined and heated to reflux temperature. 
After heating the mixture for 40 hours at reflux temper- 
ature, the mixture was allowed to coot and was subse- 
quently filtered. The filtrate was concentrated to 19.4 
grams of white solids. By quantitative P-NMR. the 
conversion was about 90% and the yield was 86% of 
bts<2.6-di-t-butyl-M2<arboocudecyloxyethyl)phenyt 
fluorophosphite. 

A sample of the crude product was punfted by chro- 
matography for analysts and polymer testing. The spec- 
tral analysts (H-NMR. P-NMR and F-NMR) confirmed 
the identity of the product as bts(2.6-di*t-butyl-4-<2-car- 
booctadecyloxyetbyDphenyl fluorophosphite. 

EXAMPLE 3 
Preparation of U'-ethylidenebts(4.6Mdi-t-butylphenyl) 
fluorophosphite 

Under a nitrogen atmosphere. 117 mi of phosphorus 
trichloride and 1.3 I of toluene were combined and the 
admixture was cooled to 5.C. A solution of 573 grams of 
2J^-ethylidenebis<4.6-di-t*butylphenol). 373 ml of tn- 
ethylamtne. and 2.0 1 of toluene was added dropwise to 
the admixture over a period of 6 hours. The reaction 
mixture was irr— * below a temperature of 10" C. 
during the addition. Next, the reaction mixture was 
allowed to warm to ambient temperature. After 1 hour 
at ambient temperature, 135 grama of antimony tnfluo- 
nde was added to the mature to form a slurry. Next, the 
slurry wee warmed to 85.C over a period of 1 hour and 
maintained at this temperature for 4 hours. The crude 
reaction product comprised a pale green organic layer 
over a thick green oil. The pale green organic layer was 
decanted from the oiL The organic layer was filtered 
through 165 grams of silica gel 60. The filter cake was 
then washed with toluene. The clear colorless filtrates 
wore c oncentr ated under vacuum to 617 grams of white 
solids. By quantitative P-NMR. the solids were deter* 
mined to be a 4:1 mixture of the two possible diaatenom- 
en of 2^'-ethyudeneota<4.6Hli-<4>utylphenyl) fluoro- 
trhtrrfhi— An analysis by H-NMR, P-NMR. F-NMR 
and MS was consistent with these structures. 

EXAMPLE 4 

Pre^gjatsosi of |J»is(2.4-di-t^utyloh«nylO bjs_ll^a^t- butyl phenyl ) fluoro- 

^^Under'a nitrogen atmosphere, 6 ml of phosphorus 
trichloride and 100 mi of anhydrous tetrahydrofuran 
worn HfflPfrinrl and the admixture was cooled below 
10.C A soluboo of 28.7 grams of 2.4-di.t-butylphenol. 
20 mi of thethylamine, and 150 mi of anhydrous tetra- 
hydrofuran was added dr o pwi s e to the admixture over 
a period of SO minutes. The resulting slurry was allowed 
to warm to ambient temperature. After 2 hours at ambt- 
eat t em p er ature. 8 grams of antimony tnfluohde was 
added to the slurry. The slurry was then heated to re- 
flux temperature and maintained at this temperature for 
I hour. The slurry was allowed to cool and then Altered 
through basic aluminum oxide. The Alter cake was 
washed with toluene The filtrates wore concentrated 
under vacuum to 30.8 grams of a pale yellow oil. A 27 
gram portion of the crude product was dissolved in 150 
ml of n-hepune and Altered to remove insoluble materi- 
sis. The filtrate was concentrated to 25 grams of s pale 




yellow oihThe oil was next stirred with 100 ml of ace- 
tonitrile. The white solid which was formed was col- 
lected by filtration to yield 17.5 grams of bis(2.4-di-t. 
butylphenyl) nuorophosphite. The H-NMR. P-NMR. 
F-NMR and MS of the solid were consistent with this 
structure. 



EXAMPLE 5 

Preparation of 
4,4'.methylenebis<3,5-di-ten-butylphenyl) 
tetranuorodiphosphite. 
In a reaction vessel under nitrogen was placed 10 7 
g ? l ?^, 4,4 '* mcthylcnebis(2 - 6 ^ li - len * bul y 1 PhcnoI). 4.4 
mi of PClj 7 ml of triethylamine and 100 ml of toluene. 
The mixture was heated at 50* C with stirring for 5.5 
hours. It was then heated to 80 # C. and held at 80* C. for 
3o hours. Then 7.2 grains of SbFjwas added and the 
nature stirred 4.5 hours at W C. and then cooled. Two 
pluses forced. The upper yellow liquid phase was de* 
canted and filtered through silica gel and the filtrate 
was evaporated to give 1 1.4 grams residue which solidi- 
fied to a yellow waxy solid. The crude product was 
recrystailued from acetonitrile to obtain a white solid 
(mp. 123-I26' C). The H-NMR. p-NMR were consis- 
tent With the target tetrafluorodiphosphtte. 

EXAMPLE 6 

Preparation of 2,2-bis<4,6-di.ten-butylphenyI) 
fluorophosphite 

y™*** * nitrogen atmosphere a solution of 8.2 grams 
of 4.4 ,6,6,-tetra.ten.butyl.2.2'biphenyl and 5.9 ml of 
methylamine in 23 ml of toluene was added to a cooled 
(5 , £\ so,utK,n of 1.8 ml of PCI j in 20 mi of toluene over 
a 1.23 hour period. At the end of the addition, the slurry 
waa stirred 13 minutes and the mixture then wanned to 
ambient temperature. After stirring overnight, 2.0 
grams of SbFj was added. The resulting slurry was 
heated to and maintained at 85* C. for 6.5 hours. After 
cooling, the toluene layer was decanted from the black 
solid residue and filtered through Celite. The filtrate 
was evaporated to give about 9 grams of a yellow oil 
The yellow oil was washed with acetonitrile and purU 
fied by column chromatography in a n-heptane solvent 
The product recovered from the eluant was a white 
solid with a m.p. oflMX The P-NMR showed a 1300 
Hz doublet at 132.4 ppm (from HjPO*. CDCIj) which 
confirmed the identify of the product a the target com- 
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P-l ta*2.fc4i-t*«tytpbc*yl) Oyoro- 



dacyloay«tfeyl)pt»tayl) n«xo- 



EXAMPLE 7 

Io order to demonstrate the effectiveness of the aro- 
matic nuorophosphite of the present invention as pro- 
ceasing stabilizers, bts(2.6^-t-bwyl-4-(2-carbooc- 
tadecyloxyethyiyphenyl) nuorophosphite (P-4) and 
l^.^truriethyl-^^d-tr^i^^.t^tyl^hydrojiyben- 



zyDbcruenc (Ethanox<8> 330 Antioxidant) were incor- 
porated into polypropylene powder in accordance with 
the following procedure. The P-t and Ethanox^ 330 
Antioxidant were dissolved in a small amount of methy- 
lene chlonde and mixed with 50 grams of polypropyl- 
ene powder (Profax^650l polypropylene from Hercu- 
les). The mixture was then dry blended with 450g of 
polypropylene in a nitrogen atmosphere. In some of the 
formulations, 1000 ppm of calcium stearate (Mailinck- 
rodt RSN 248D) was utilized as an acid neutralizer and 
lubricating agent. The blended material was extruded 
under nitrogen on a twin screw mixer (Brabender. 30 
rpm) with the temperature profile: zone one 150* C, 
zone two and zone three— 245* C Then, multiple extru- 
sions were run on the pellets on a single screw extruder 
(Brabender L/D 24:1) at 350* F. The stock temperature 
was 265* C. and the screw speed was 30 rpm in an air 
atmosphere. The extruded strand was cooled by passing 
u through a room temperature (24-29* C.) water bath, 
water carryover was minimized by an air knife that 
blew the excess water from the strand before it entered 
the pelletizer. The melt flow index (MFI) was deter- 
mined with a Tinium Olsen Extrusion Plastometer ac- 
cording to ASTM Method D-1238 Condition L (230* 
C-2160 g load). Using the same samples, a 60 mil sheet 
was pressed out at 375* F. and the color was determined 
with a Hunterlab Optical Sensor Model D25. 

The results of these tests are shown in Table I. 
TABLE I 



r T ~* w » Pu» No. Pan No 



Mttt Flow lnd«i Yctlowneu Index 
No. Antio i idant «# [ 



1 

2 
3 


Not* 
Ethan 
P-4 

Ethaai 


os 330 
u 330 


0.05 
0.05 
0.05 


13.1 

6.7 
6.7 


26.9 
9.4 

9.2 


12.6 
12.6 


5.0 
7.2 
5.6 


6.2 


9.6 
7.9 


4 


Ethan 


m 330 


0.05 


1.9 


13.2 


ts.s 


4.5 




6.1 


5 


mmu 
Ethaaoa J 30 

P-4 


0.10 
0.05 
0.05 


7.9 


It. 3 


16.2 


4.5 




6.5 




uaanui 


• 


0.10 















These results of these tests show P-4 was effective in 
suppressing color when used with Ethanox® 330 Anti- 
oxidant and reducing the degradation of polypropylene 
when used with Ethanox® 330 Antioxidant and cal- 



EXAMPLE 8 
i of tests was performed in the same manner as 
Example 7 to measure Melt Flow Index except that 
aromatic fluorophosphites. designated as P-2 and P-3 
and a different batch of Profax 6501 polypropylene 
ww utilized. In addition, calcium stearate and 
Ethanes* 330 Antioxidant were used in all tests. 

The results of these tests are shown in Table II. 
TABLE II 



M«ii Flow Index 

^ T«n No. 



AMJOJ 


utfam 


Wt * 


i 


3 




at 330 


0.05 


i 


IS 


Cfttew 

p-a 


■1 ttWIH 


a io 






aoso 


5.4 


95 


Ethan 


M 330 


0.050 




P-3 




a too 








aoso 


5.3 


9.3 



13.4 



IS.l 



Available Copy 



TABLE Il-continued 









Melt Flow Index 








Enruston Pxvi No. 


Tev No 


Antioxidant 


Wr. *> 


1 ) 3 




Eihanoi J30 


0.050 






Calcium itearatc 


0.100 





The results of these tests demonstrate that the P-2 and 
P-'aromatic fluorophosphues were effective in reducing 
the degradation of polypropylene. 

EXAMPLE[2] 9 

A series of tests were performed in the same manner 
as Example 8 except that an aromatic fluorophosphite, 
designated P-l. and a different batch of Profax 6501 
polypropylene were utilized and. the multiple extru- 
sions were run at 500' F. 

The results of these tests are shown in Table III. 



TABLE III 







Mctt Flow Indci 






E.urmion Past No. 


T«t No. Antioiidam 




1 3 5 


1 Ethanoa JJ0 


003 


i.+ 6.2 9.6 


CaJcium ttearaic 


0.10 


2 Eihanot J JO 


0 05 


2« 3.8 3.3 


Calcium ucaraic 


o.to 


PI 


003 





The results of these tests demonstrate that P-l aro- 
matic fluorophosphite was effective in reducing the 
degradation of polypropylene. 

EXAMPLE 10 

The hydrolytic stabilities of the fluorophosphites 
listed were determined by dissolving 100 mg of the 
fluorophosphite in a mixture of 2 ml of tetrahydrofuran. 
0.2 ml of water and 0.3 ml of d»- tetrahydrofuran 
(deuteraed THF). The mixtures were stirred at 76* F. 
and were monitored by P-NMR. 

The results of these tests are set forth in Table IV. 



TABLE IV 



SAMPLE 


«"# HYDROLYSIS AFTER : WEEKS 


P-l 


0 


M 


0 


M 


<l 



The results of these tests show the resistance of the 
fluorophosphites to hydrolysis over extended periods of 
dine. i.e^ 2 weeks. 

Toe invention is not limited to Che above -described 
specific embodiments thereof; it must be understood, 
therefore* that the detail involved in the descriptions of 
the specific embodiments is presented for the purpose of 
illustration only, and that reasonable variations, which 
will be apparent to those skilled in the art. can be made 
in tis invention without departing from the spirit and 
scope thereof. 



